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I.  INTRODUCTION  AND SELECT FINDINGS  

Rare Earth Elements (REEs), also called rare earth metals and rare earth oxides, are a group of 

seventeen chemical elements moderately abundant in the earthôs crust, with unique properties 

essential to high-technology products.  REEs are used in metallurgy, polishing, and the creation 

of catalysts and magnets, with a range of applications including automobile and petroleum 

refining, phosphors for flat panel displays in mobile phones and laptops, permanent magnetics, 

and rechargeable batteries.1  REEs are also vital in defense applications such as fighter jet 

engines, missile guidance systems, lasers, and satellite communications systems. 

The United States was once self-reliant in its domestic mining industry for REEs, but has 

become nearly fully reliant on REE imports in the past 20 years.  This import reliance has come 

about due to increasing foreign competition, primarily from China, which has lower mining and 

processing costs and significantly larger REE reserves, as well as from increased domestic and 

foreign usage of REEs.  This report focuses on the U.S. manufacturers and distributors that 

require REEs for their products.  While domestic production of REEs shrank in the last half 

century, the growth of the global technology industry has spurred a continually increasing 

demand for REEs in commercial and defense markets. 

The Chinese near-monopoly on REEs has raised the issue of supply vulnerability in recent years.  

Temporary Chinese export restrictions of certain REEs have caused extreme price volatility and 

global end-user outcry.  China has since dropped these restrictions, but their unilateral action has 

                                                 
1 Find more information on rare earth elements at https://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/  
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raised concerns with numerous U.S. Government institutions including Congress and the U.S. 

Department of Defense.  

In 2014, the U.S. Department of Defense, Defense Logistics Agency (DLA) partnered with the 

U.S. Department of Commerce, Bureau of Industry and Security (BIS) to conduct an industrial 

base assessment measuring the health and competitiveness of the domestic REE supply chain 

network, focusing on manufacturers and distributors of products containing REE components 

used in defense and aerospace applications.  The following report focuses on five specific REEs: 

Dysprosium, Erbium, Neodymium, Terbium, and Ytterbium, collectively referred to as 

ñDENTYò.  

DLA also requested similar assessments focusing on the carbon fiber composites, magnesium, 

and titanium industries.  These materials are covered in separate BIS reports.2 

BIS and DLA set the following objectives for the industrial base survey and assessment: 

¶ Capture the various levels of the REE supply chain network. 

¶ Identify interdependencies between respondents, their suppliers and customers, and the 

U.S. Government agencies they support, with particular focus on supply chain 

availability issues and challenges. 

¶ Benchmark trends in business practices, competitiveness issues, financial performance, 

research and development (R&D) and capital investment, workforce, and other topic 

areas across the supply chain network. 

                                                 
2 View these and other industrial base reports on the BIS webpage: www.bis.doc.gov/dib.  

http://www.bis.doc.gov/dib


 

 

 

 

¶ Share data with U.S. Government (USG) stakeholders, as appropriate, to better inform 

strategic planning, policy implementation, targeted outreach, and collaborative problem 

solving. 

BIS performed this data collection and assessment under authority delegated to the U.S. 

Department of Commerce under Section 705 of the Defense Production Act of 1950, as 

amended, and Executive Order 13603.  These authorities enable BIS to conduct surveys, study 

industries and technologies supporting the national defense, and monitor economic and trade 

issues affecting the U.S. industrial base. 

Other industrial base assessments recently completed by BIS include: the U.S. Underwater 

Acoustics Transducer Industry, the U.S. Space Industry ñDeep Dive,ò the Cartridge and 

Propellant Actuated Device Industry, and the Consumers of Electro-Optical Satellite Imagery.3 

BIS worked with DLA and select DENTY suppliers and product manufacturers to gain a better 

understanding of operational and business practices specific to the REE industry.  These 

interactions aided in designing a survey instrument that covered issues faced by both industry 

and government stakeholders. 

The content of the survey instrument addresses several categories of respondent information, 

including sections dedicated to: 

¶ Organizational information 

¶ Products (DENTY-related) 

¶ Suppliers, inventories, inputs, and sourcing 

                                                 
3 See www.bis.doc.gov/dib.  

http://www.bis.doc.gov/dib


 

 

 

 

¶ U.S. Government defense and non-defense participation 

¶ Operations and Challenges 

¶ Imports and Exports of REE-Related Material 

¶ Sales 

¶ Customers 

¶ Financials 

¶ Workforce 

¶ Research and Development 

¶ Capital Expenditures 

BIS distributed the REE survey in late spring 2014 to respondents identified by DLA (our 

partner agency), previous BIS survey efforts, and independent research.  A total of 160 

organizations responded to the survey.  The response data was reviewed, tabulated, analyzed, 

and presented to DLA to facilitate their analysis and strategic planning.  Additionally, aggregated 

results, as contained in this report, were made publicly available and presented to strategic 

materials stakeholders across the U.S. Government, industry, and academia. 

Select Findings 

¶ Most respondents were focused on Manufacturing, Distribution, End-Use/Application, 

and R&D; these four business lines accounted for 82 percent of the primary business 

lines selected by respondents. 

¶ The 160 respondents reported operating 396 facilities: 288 in 38 states and 108 in 33 non-

U.S locations between 2010 and 2013.  Respondents had the greatest number of facilities 



 

 

 

 

in California, New Jersey, and New York.  For the 108 facilities outside of the United 

States, most were in China, Germany, the United Kingdom, France, and Canada. 

¶ Aggregated sales of all respondents were $76.4 billion in 2013.  REE-related products 

accounted for only 8 percent of this amount - $6.1 billion ï up from 5.8 percent in 2010.  

REE sales growth in the commercial area far outpaced that in the governmental area. 

¶ For the 2010-2013 period, three respondents were calculated to be at high/severe 

financial risk, with another 36 at moderate/elevated financial risk.   

¶ The 160 respondents identified a total of 601 products or product types.  Over two-thirds 

of the listed products were related to the DENTY elements; the majority of these products 

were magnets and magnet powder products. 

¶ Nearly half of the products or services used Neodymium, which was used at over twice 

the rate of each of the other elements of focus (Dysprosium, Ytterbium, Erbium, and 

Terbium).  Most products/services involved the use of more than one REE. 

¶ Respondents listed 24 inputs with sole source suppliers and 128 inputs with single source 

suppliers.4  Chemicals and Magnets had the greatest number of sole source and single 

source inputs.  On a percentage basis, over three-quarters of alloy and ceramic inputs 

were sole or single source.   

¶ REEs originating in China represented approximately two-thirds of inputs, with those 

from the United States accounting for another 22 percent.  All remaining countries 

                                                 
4 Single Source ï An organization that is designated as the only accepted source for the supply of parts, components, 

materials, or services, even though other sources with equivalent technical know-how and production capability may 

exist. 

Sole Source ï An organization that is the only source for the supply of parts, components, materials, or services.  No 

alternative U.S. or non-U.S. based suppliers exists other than the current supplier.  



 

 

 

 

accounted for just under 10 percent of known origin REEs, with no single country 

accounting for more than eight inputs.  

¶ Supply chain disruptions were only a minor issue for respondents in 2012 and 2013.  

Seven respondents reported 16 total supply chain disruptions.  Eleven of these disruptions 

were for suppliers located in China, where China was the original source of the REEs as 

well.  The reasons given for disruptions were varied, including legal holdups, quality 

issues, and significant price increases. 

¶ Eighty-one of 160 respondents ranked óForeign Competitionô as an organizational 

challenge, with 30 noting it as their number one challenge.  This was more than twice the 

number of the next most frequent primary challenge, óMaterial Price Volatilityô. 

¶ óAging Equipment, Facilities, or Infrastructureô was not a highly cited challenge overall, 

but was the most frequently identified challenge expected to rise in the future. 

¶ Respondents did not expect any major changes in the availability of any REEs in the near 

future.  For every REE, the vast majority of respondents expected no change in its 

availability. 

¶ Recycled products and inputs were twice as common as substituted products and inputs.  

Twenty-three percent of respondents recycled REEs or REE-related products, whereas 

six percent of respondents substituted REEs with other REEs or non-REEs. 

¶ Product Performance was the most frequently cited constraint in using recycled REEs or 

substituting for REEs. 

¶ Sixty-one respondents reported having REE-related R&D expenditures, totaling $254 

million in 2013 ï four percent of total R&D expenditures for all respondents. 



 

 

 

 

¶ One hundred two of the respondents provided support to at least one USG agency, with 

USG sales accounting for nearly one-third of all sales in 2013.  The Armed Services, 

NASA, and the Department of Energy were the most frequently supported agencies. 

¶ Forty-seven respondents were seemingly dependent on the USG, based on their 

indication as such and/or their percent of sales to the USG.  

¶ Sixty-six respondents indicated they imported REE-related ore, mixed compound, 

inorganic purified compound, organic purified compound, mixed metal, and/or purified 

metal between 2010 and 2013.  Forty-six respondents imported from a single country, 

with China accounting for 28 (61 percent) of these single country importers. 

¶ Respondents reported a total of $1.1 billion worth of imports of REE-related ore, 

compounds, and metals from 2010 to 2013.  The top three importers accounted for nearly 

$688 million of these imports (63 percent), and the top five accounted for 80 percent of 

imports. 

¶ Thirty-six respondents (23 percent) reported exports of REE-related ore, compound, or 

metal to 56 countries between 2010 and 2013.  Another 36 respondents listed non-U.S. 

customers of their products or services. 

¶ In 2013, the 160 respondents employed 203,896 total full -time-equivalent employlees 

(FTEs), 5.6 percent of whom performed REE-related duties.   

¶ Smaller companies tended to have a larger percentage of their workforce devoted to 

REE-related items.  Small and medium sized businesses had 26 and 28 percent of their 

employees, respectively, working on REE-related items, compared to 17 percent for large 

businesses and three percent for very large businesses. 

 



 

 

 

 

  



 

 

 

 

I I.  INDUSTRY PROFILE  

BIS received surveys from 160 respondents of all sizes, from many locations within the United 

States, who work with Rare Earth Elements (REEs) in some capacity along the value chain.  In 

order to capture some initial information about the respondents and create organization profiles 

for further analysis, BIS asked a series of questions about organization size and type.  The profile 

questions also asked that respondents detail their lines of business, REE applications, and the 

market segments in which they participated.  Finally, BIS asked respondents to list their 

organizationôs facility locations and any anticipated changes for those facilities.  

All 160 of the total respondents worked directly with REEs.  One hundred and forty respondents 

(88 percent) worked directly with the focus elements: Dysprosium, Erbium, Neodymium, 

Terbium, or Ytterbium (DENTY).  

Respondent organizations fell into one of three types of organization: Commercial Company, 

U.S. Government Organization, or University.  One hundred and fifty respondents (94 percent) 

were Commercial Companies; five respondents (three percent) were Universities; and five 

respondents (three percent) were U.S. Government Organizations.  Commercial companies were 

then further divided into publicly traded or privately held companies.  Ninety-six of the 150 

commercial companies (not including the óNot Applicableô category) (60 percent) were privately 

held organizations.  Forty-six organizations (29 percent) responded at the business-unit or 

division-level, providing more REE focus to their responses (see Figure II-1). 

  



 

 

 

 

 

Sixty-six respondents (41 percent) self-identified as a small business, while 115 respondents (72 

percent) reported having fewer than 500 employees in 2013.  For the purposes of this 

assessment, respondents were classified as small, medium, large, or very large companies based 

on their average net sales from 2010 to 2013 (rather than their employee size). 

Using average net sales to categorize the respondents by size, small businesses were defined as 

respondents with average annual sales under $25 million.  Using this method, 74 respondents (46 

percent) were categorized as small.  These small businesses employed roughly one percent of the 

nearly 230,000 reported full-time equivalent (FTE) employees.  Very large organizations 

accounted for six percent of the survey responses, but employed 67 percent of the total reported 

employees on average between 2010 and 2013 (see Figure II-2).  



 

 

 

 

 

Respondents provided their role in the REE supply chain by reporting their primary and 

additional lines of business from a list BIS provided (see Appendix 1).  Results indicated that 

U.S. companies working with REEs are generally involved in the later processing stages, rather 

than earlier procurement stages (see Figure II-3).  REE mining activitiesðsuch as óFinancingô, 

óExplorationô, and óExtractionôðwere selected as primary business lines for only nine 

respondents (6 percent).  Seventeen respondents (11 percent) reported one of the following as 

their primary line of business: óProcessingô, óMetallurgyô, or óRefiningô.  

Respondents identified four business lines significantly more frequently than others: óEnd-

Use/Applicationô, óManufacturingô, óResearch & Development (R&D)ô, and óDistributionô.  

óManufacturingô, with 75 respondents (47 percent), was the most commonly selected primary 

business line, followed by óDistributionô.  óEnd-Use/Applicationô was only the fourth most 

commonly reported primary business line, but was the most commonly reported category overall 



 

 

 

 

when including additional business lines with 103 respondents (64 percent).  óR&Dô was 

reported as a business line by 61 respondents (38 percent), although 111 respondents (69 

percent) reported having R&D expenditures.   

 

Within these business lines, respondents utilized a variety of REEs (see Figure II-4). The most 

commonly used element, óNeodymiumô, with 115 respondents reporting usage, was a focus 

element of this survey.  The second and third most widely used elements were óYttriumô and 

óCeriumô, with 92 and 78 respondents, respectively.  Usage of the other assessment target 

elements (óDysprosiumô, óErbiumô, óTerbiumô, and óYtterbiumô) was reported by between 60 and 

66 respondents each.   



 

 

 

 

 

On average, respondents worked with 6.3 different REEs, though half reported working with 

four or fewer.  Seven respondents worked with all 17 elements, and another 13 worked with all 

but one ï óPromethiumô.  For the 24 respondents working with just one REE, 10 used 

óNeodymiumô.  

Respondents were asked if they supported any of the 21 listed REE application areas listed (see 

Figure II-5), and identified a total of 639 applications within these categories.  óMagnets and 

Magnet Powdersô was the application most selected, with 62 responses.  Other frequently 

selected REE application categories included óCoatingsô, óCeramicsô, óAlloysô, óGain/Laser 

Mediumô, óCrystalsô, and óFiber Opticsô.  Forty-nine óOtherô application areas were identified by 

respondents, including motors, R&D, sensors, slurry, memory devices, hearing aids, and pipeline 

inspection. 



 

 

 

 

 

Respondents provided products and services in a variety of non-defense and defense market 

segments.  Drawing from a list of non-defense market segments provided by BIS, respondents 

most often indicated participating in óResearch and Developmentô, óAerospaceô,  óOpticsô and 

óSensorsô (see Figures II -6 and II-7).  Many respondents also provided products to market 

segments as diverse as óHealthcare/Medicalô, óConsumer Goodsô, and óMarine Transportationô. 



 

 

 

 

 

 



 

 

 

 

One hundred twelve respondents (70 percent) indicated that they participated in defense-related 

market segments (see Figure II-8).  Within the defense sector, óR&Dô was the most commonly 

reported market segment, with 71 respondents (44 percent) participating.  óAircraftô and óC4ISRô 

(Command, Control, Communications, Computers, Intelligence, Surveillance, and 

Reconnaissance) were the defense-related sectors with the second and third most common 

participation by respondents.  

 

The 160 respondents reported operating 396 facilities in 38 states (288 facilities) and 33 non-U.S 

locations (108 facilities) between 2010 and 2013.  Respondents listed 45 facilities in California, 

26 facilities in New Jersey, and 21 in New York.  For the 108 facilities that were owned but not 

operated in the United States, the majority were located in China (20), Germany (15) the U.K. 

(10), France (6), and Canada (6).  



 

 

 

 

BIS asked respondents to identify all REE-utilizing facilities in which they anticipated 

significant changes in operations from 2014 to 2018 and to explain these changes.  Twenty-five 

organizations expected changes to 37 facilities, with many changes involving expansion of their 

current operations.  Twenty-two respondents planned to prepare for increased business.  The top 

locations for anticipated expansion were California, Arizona, Colorado, Montana, New York, 

Wisconsin, and Wyoming.  Six expected to close or relocate; one of these specifically cited 

Chinese market control as a reason explaining, ñ[We] have mothballed our recycling of REE due 

to Chinese pricing in the market place of both phosphors and rare earths.  Recycling of waste 

phosphors is not justified financially at this point in time, due to market conditions.ò  



 

 

 

 

I II . SALES AND FINANCIAL PERFORMANCE  

Sales and other financial data were a key factor in understanding the respondentsô strengths and 

vulnerabilities in the global REE marketplace.  BIS asked respondents to provide sales and 

financial information for 2010 to 2013, with a special focus on REE-related sales.  Sales data 

included transactions made to commercial and U.S. Government customers. 

BIS developed a financial risk metric for the respondents, based on financial data and qualitative 

methods.  This financial risk overview allowed BIS to batch respondents based on financial 

performance, providing additional insight into potential repercussions of financial impacts across 

the REE supply chain.  

Sales 

Respondentsô total sales rose from $73.1 billion in 2010 to $76.4 billion in 2013 with a peak of  

$80.2 billion in 2011.  The vast majority of these sales came from non-REE-related products. 

Government and commercial REE-related products accounted for only 8.0 percent of total sales 

in 2013, or $6.1 billion (see Figure III -1).  The share of REE-related products made up an 

increasing percentage of total sales, rising from 5.8 percent in 2010 to 8.0 percent in 2013.  

 



 

 

 

 

 

Respondents were asked to break out both REE-related commercial sales and REE-related U.S. 

Government sales from their total sales.  Data showed that sales growth of REE-related products 

outpaced those of non-REE products, both for government sales and commercial sales (see 

Figure III -2).  Commercial REE-related sales grew 48 percent from 2010-2013, while U.S. 

Government REE-related sales grew about 30 percent.  Sales of non-REE products to the U.S. 

Government was the weakest category, falling consistently from 2010 to 2013 (11 percent).   



 

 

 

 

 

There was significant variability in sales performance between individual respondents.  Forty-

seven respondents reported that their sales decreased from 2010 to 2013, 30 of which 

experienced a significant decrease in sales (a drop of more than 25 percent).  Respondents with 

declining sales over the period were of all sizes, but nearly half were smaller organizations; 44.7 

percent were categorized by BIS as small companies (less than $25 million in average annual 

sales). 

Just over one-third of the 61 respondents with REE-related U.S. Government sales reported 

decreased government sales from 2010-2013, with 18 of these respondents experiencing 

significant declines.  Commercial REE-related sales had the strongest growth of all the 

categories, with nearly 71 percent of respondents reporting increases in this type of sale and  



 

 

 

 

nearly half (48 percent) reporting significant sales growth (over 25 percent) from 2010 to 2013 

(see Figure III -3).  

 

Financial Risk 

Respondents provided data on select financial accounting items, including net and operating 

income, assets, liabilities, and inventories.  BIS used this financial data and developed a 

customized financial risk metric to better capture the overall financial condition of respondents. 

The model was based largely on standardized financial ratios covering profitability, liquidity, 

leverage, and default probability of the organizations over time.  Additional select qualitative 

data were taken into account during the financial risk evaluation.  

Respondents were assigned both yearly financial risk scores as well as a more comprehensive 

2010-2013 financial risk score, which incorporated yearly scores and trends in financial health. 



 

 

 

 

Based on this scorecard, respondents were categorized as low/neutral risk, moderate/elevated 

risk, or high/severe risk.  Some respondents did not have data for all years or all measures and as 

a result could not be assigned a financial risk score.  These respondents are included in the 

low/neutral risk category. 

For the four year period, BIS categorized three respondents as being at high/severe financial risk, 

with an additional 36 at moderate/elevated financial risk.  The yearly financial evaluation of 

respondents deteriorated moderately across the period, with the number of respondents 

categorized as low/neutral risk on an annual basis falling from 136 to 121 companies (85 percent 

to 76 percent of respondents) during the 2010-2013 period (see Figure III -4A). Moderate/ 

elevated risk companies grew from 22 to 35 companies (14 to 22 percent of respondents) during 

the same timeframe.  Fifteen respondents were labeled as moderate/elevated risk throughout the 

entire 2010-2013 period.  Half of these respondents had negative profits in 2013, and 11 had 

negative cumulative earnings for the four-year period.  

While organizations of all sizes were found in the low/neutral financial risk category, small 

businesses were proportionally more represented in the moderate/elevated risk and high/severe 

risk categories.  For example, the three companies categorized as high/severe risk for the period 

as a whole were all small businesses.  Twenty-one of the 36 total companies (58 percent) 

labelled as moderate/elevated risk were small businesses (see Figure III-4B)  



 

 

 

 

  

Respondents operating with a net loss were more likely to be identified by BIS as having 

high/severe financial risk.  All of the respondents in the high/severe risk category operated at a 

net loss across each year of the 2010-2013 period.  The percentage of respondents in the 

moderate/elevated risk category operating at a net loss grew from 36 percent to 56 percent over 

the period.  Between 12 and 14 percent of respondents in the low/neutral risk category were 

operating at net loss (see Figure III-5). 




































































































































































